Okra (Abelmoschus esculentus (L.) Moench), being an often cross-pollinated crop, responds well to heterosis breeding. Exploitation of heterosis is primarily dependent on the screening and selection of available germplasm that could be produced by better combinations of important agronomic characters. Ten elite, optimally divergent and nearly homozygous lines of okra namely P 1 (IC282248), P 2 (IC27826-A), P 3 (IC29119-B), P 4 (IC31398-A), P 5 (IC45732), P 6 (IC89819), P 7 (IC89976), P 8 (IC90107), P 9 (IC99716) and P 10 (IC111443) selected from the germplasm were crossed in all possible combinations excluding reciprocals during summer 2009. The resultant 45 F 1 s along with their 10 parents and one commercial check (Mahyco Hybrid No.10) were evaluated in a randomized block design with three replications during mid kharif (July -October), 2009 at the Vegetable Research Station, Hyderabad, Andhra Pradesh, India. Heterosis over mid parent, better parent and standard check were studied for 17 quantitative characters pertaining to pod yield and its associated characters. For total yield per plant, the crosses as a whole manifested 7.17% and -15.22% average and standard heterosis, respectively. For marketable yield per plant, the crosses as a group manifested 6.77% and -22.64% average and standard heterosis, respectively. The crosses C 16 (P 2 ×P 9 ) and C 4 (P 1 ×P 5 ) manifested significantly negative commercial heterosis, for days, to 50% flowering (-5.13%) and first flowering and fruiting nodes (-16.55%), respectively, indicating their earliness. Highest heterobeltiosis of 38.87% for total yield per plant and 37.95% for marketable yield per plant was manifested by the cross C 23 (P 3 ×P 9 ). The extent of standard heterosis for total yield per plant (9.32%) and marketable yield per plant (-6.69%) appears to be sufficient for exploitation of heterosis commercially. The crosses C 42 (P 7 ×P 10 ), C 31 (P 5 ×P 6 ) and C 35 (P 5 ×P 10 ) were statistically on par with the standard check in their mean performance and are as promising as that of the standard check (Mahyco Hybrid No. 10).
Introduction
Okra (Abelmoschus esculentus (L.) Moench.), a member of the Malvaceae family is related to hibiscus and cotton. It is thought to have been originated in India (Zeven and Zukovasky, 1975) . It is one of the most important fruit vegetables grown throughout the tropics, sub-tropics and warmer parts of the temperate regions in the world. Okra has become a popular vegetable in ethnic markets of India. Okra is an important crop from nutritional, medicinal and industrial point of view.
Being adapted to the warm and humid climates, it has been grown commercially for many years in the states of Gujarat, Maharashtra, Andhra Pradesh, Karnataka and Tamilnadu. As such there is a necessity to improve the yield per unit area to achieve the increased production from a limited land. In okra, yield levels have been improved substantially through intensive and concerted breeding efforts and further yield advances seem to be more difficult necessitating the application of newer breeding approaches. The required goal of increasing productivity in the quickest possible time can be achieved only through heterosis breeding, which is feasible in this crop Vijayraghvan and Warier, 1946) . The successful development of hybrid maize in 1930 gave great impetus to breeders of other crops including okra to utilize the principle of hybrid production by exploiting heterosis.
The most important development in plant breeding programs in recent decades has been the use of heterosis or hybrid vigour. The phenomenon of heterosis has been a powerful force in the evolution of crop plants and has been exploited extensively in crop production (Birchler et al., 2003) . The scope for utilization of heterosis largely depends on the direction and magnitude of heterosis. Heterosis is expressed as relative heterosis, heterobeltiosis and standard heterosis, depending on the criteria used to compare the performance of a hybrid. Heterosis is the superiority of a hybrid over its mid parent value (relative heterosis) or over its better parent (heterobeltiosis) or over the standard check (standard/economic/commercial heterosis). The relative heterosis will only help to understand the genetic status of the characters (Moll and Stuber, 1974) . However, from the practical point of view, standard heterosis is the most important of the three types of heterosis because it is aimed at developing desirable hybrids superior to the existing high yielding commercial varieties (Chaudhary, 1984) . Heterosis breeding is an important genetic tool that can facilitate yield enhancement from 30 to 400% and helps enrich many other desirable quantitative and qualitative traits in crops (Srivastava, 2000) . Through heterosis breeding, it is often possible to combine desired alleles in regular fashion without waiting for longer term as in case of development of open pollinated cultivars. The prediction of hybrid performance for traits of interest is a main goal for breeders trying to develop new hybrids, as this helps in choosing the best parental combinations and reduces the need of costly and time-consuming trials (Agarwal, 1998) . It is now a well established fact that heterosis occurs in the hybrids when the most appropriate and compatible combinations of parents are involved. Development of hybrids as a commercial variety is getting importance. In many cases, F 1 hybrids have been found out-yielding their parents or prevalent local best varieties used as check. This encourages studying the heterosis from a wide array of parental combinations and identification of best combinations.
The present investigation was undertaken with the objective of determining the mean performance and the heterotic pattern among 10 × 10 half diallel crosses so as to identify the hybrids which possess superior hybrid vigour for yield and its components of okra.
Background or Literature Review
Selection of suitable parents and assessment of degree of heterosis in the resulting crosses forms an important step in the development of new F 1 hybrids. Exploitation of heterosis is primarily dependent on the screening and selection of available germplasm that could be produced by better combinations of important agronomic characters. It is an already established fact that the amount of yield heterosis obtains by hybrids depends largely on the genetic divergence of the populations from which the parental lines have been extracted (Moll et al., 1962) . It is now a well established fact that heterosis occurs in the hybrids when the most appropriate and compatible combinations of parents are involved. A number of heterotic studies have been made by many workers from India and abroad to establish heterotic patterns among several okra populations and gene pools, and to maximize their yield for hybrid development. Okra genetic biodiversity is great and the importance of genetic resources has long been emphasized for increasing the genetic base of cultivated okra and in okra breeding programs (Mohapatra et al., 2007; Reddy, 2010; Singh et al., 2007) . Previous research efforts have concentrated on crossing okra of diverse origin, which have resulted in the maximization of hybrid vigor. A series of heterotic studies have been made by many Science Target Inc. www.sciencetarget.com workers to exploit heterosis from the elite and diverse genotypes selected from the available germplasm of okra (Panda and Singh, 1998; Pathak et al., 2001; Singh and Syamal, 2006) . A vast diversity present in the germplasm is yet to be fully exploited through heterosis breeding.
Okra, being an often cross-pollinated crop, responds well to heterosis breeding. Several workers have demonstrated the existence of varying degrees of heterosis for yield and yield associated traits in okra (Dahake and Bangar, 2006; Jindal and Ghai, 2005; Jindal et al., 2009 ). Good results have been achieved in increasing okra yield through the successful exploitation of heterosis for pod yield and other desired traits. Diallel analysis of a fixed set of self and crosspollinated populations provides a basis for preliminary determination of heterotic groups (Gardner and Eberhart, 1966) . Diallel mating design has been used extensively by several researchers to generate single crosses and measure heterosis in okra (Bendale et al., 2004; Bhalekar et al., 2006; Dahake and Bangar, 2006; Jindal and Ghai, 2005; Jindal et al., 2009; Singh et al., 2009) . Heterosis for yield is the result of interaction of simultaneous increase in the expression of heterosis for yield components (Grafius, 1959) . Pod yield and several other yield contributing characters lack stability due to strong environmental influence, suggesting the need for breeding for specific environment (Ariyo, 1990) . This necessitates evaluating the newly developed F 1 hybrids in the target environment for identifying the highly heterotic and adaptable parental combination for a given environment.
Materials and Methods
Ten elite, optimally divergent and nearly homozygous lines of okra namely P 1 (IC282248), P 2 (IC27826-A), P 3 (IC29119-B), P 4 (IC31398-A), P 5 (IC45732), P 6 (IC89819), P 7 (IC89976), P 8 (IC90107), P 9 (IC99716) and P 10 (IC111443) selected from the germplasm were crossed in 10 x 10 half diallel mating design during summer, 2009. The experimental material for the present study consisted of 45 one way crosses and their 10 parental lines along with 1 standard check (Mahyco Hybrid No.10). The experiment was laid out in a randomized block design with three replications. The experiment was conducted at the (cm) , number of branches per plant, internodal length (cm), days to 50% flowering, first flowering node, first fruiting node, fruit length (cm), fruit width (cm) and fruit weight (g) and on whole plot basis for days to 50% flowering, total number of fruits per plant, number of marketable fruits per plant, total yield per plant (g), marketable yield per plant (g), fruit and shoot borer (FSB) infestation on fruits and shoots (%) and yellow vein mosaic virus (YVMV) infestation on fruits and plants (%). The mean replicated values of FSB infestation on fruits and shoots and YVMV infestation on fruits are subjected to square root transformation, while the mean replicated values of YVMV infestation on plants were subjected to arc sin transformation to restore the distribution to normality. Analysis of variance was carried out according to Panse and Sukhatme (1985) to determine the significant differences among genotypes for all the characters. The characters showing significant differences were subjected to heterosis calculation. The direction and degree of heterosis as the difference in F 1 s performance over mid parent (relative heterosis), better parent (heterobeltiosis) and commercial check (standard heterosis) were calculated as per the standard formulae. Significance of heterosis and heterobeltiosis and standard heterosis were tested with t-test as suggested by Cochran and Cox (1950) and Wynne et al. (1970) .
Results and Discussion
The attainment of maximum crop yield is an important objective in most breeding programmes, and major emphasis in vegetable breeding is on the development of improved varieties. The utilization of the effect of heterosis is very rightly considered to be as one of the most outstanding achievements of vegetable breeders in the 20 th century. Vegetable breeders have widely exploited and used heterosis in boosting up yield of many crops. The goal of okra hybrid breeding is to identify and then reliably reproduce superior hybrid genotypes. Virtually all commercial okra hybrids are made from crosses of inbred lines. Knowledge of heterotic groups from which to draw parental germplasm for hybrid combinations is limited. Improvement of complex characters such as, pod yield may be accomplished through the component approach of breeding. This method, in general, assumes strong associations of yield with a number of characters making up yield and simpler inheritance for these component characters.
Analysis of Variance
The analysis of variance (Table 1) indicated significance of mean squares due to genotypes for all characters under study. This can be attributed to the fact that there were clear cut genotypic differences among the parents and their hybrids, which were phenotypically expressed. The mean squares due to parents were highly significant for almost all characters except plant height, days to 50% flowering and number of marketable fruits per plant under study. The mean squares due to crosses were highly significant for all characters under study. The mean squares due to parents versus crosses, which are a measure of the importance of average heterosis, were highly significant for majority of the characters except plant height, number of branches per plant, internodal length, fruit width, FSB infestation on fruits and YVMV infestation on plants.
Mean Performance
The mean values of the crosses were desirably higher than those of the parents (Table 2) 
Heterosis
Overall average heterosis and standard heterosis of crosses as a whole were estimated and presented in Table 2 . The crosses, in general, displayed highest average heterosis in desirable positive direction for total yield per plant (7.17%) followed by marketable yield per plant (6.77%), total number of fruits per plant (4.11%) and number of marketable fruits per plant (3.66%).
Science Target Inc. www.sciencetarget.com The crosses, in general, exhibited highest standard heterosis in desirable negative direction for internodal length (-5.41%) followed by days to 50% flowering (-.51%).
The range of heterosis and the number of crosses exhibiting significant heterosis in a given direction (positive or negative) over the mid parent, better parent and standard check (Mahyco Hybrid No.10) are presented in From the results of the heterosis studies, it is evident that none of the 45 F 1 hybrids of okra showed consistency in direction and degree of heterosis over three bases for all the seventeen Science Target Inc. www.sciencetarget.com characters. Some of them manifested positive heterosis while others exhibited negative heterosis (data not shown), mainly due to varying extent of genetic diversity between parents of different cross combinations for the component characters. In the present study, the estimates of relative heterosis, heterobeltiosis and standard heterosis were found to be highly variable in direction and magnitude among crosses for all the characters under study. Jindal et al. (2009) and Weerasekara et al. (2007) also reported such a variation in heterosis for different characters. The manifestation of negative heterosis observed in some of the crosses for different traits may be due to the combination of the unfavourable genes of the parents.
Plant height, number of branches and internodal length are growth attributes. They largely determine the fruit bearing surface in okra. Okra cultivars with higher plant height with shorter internodes and larger numbers of primary branches per plant are needed for bearing higher numbers of pods per plant to produce higher pod yield per plant. Positive heterosis is desirable for plant height and number of branches per plant, but negative heterosis is desirable for internodal length. Most of the crosses displayed negative standard heterosis for plant height, which is in the undesirable direction. However, appreciable amount of standard heterosis in desirable direction was observed for a number of branches per plant (up to 50.00%) and internodal length (up to -23.06%). Ahmed et al. (1999) , Dhankar and Dhankar (2001) , Jindal et al. (2009 ), Rewale et al. (2003 , Singh et al. (2004) , Weerasekara et al. (2007) also reported similar projections for number of branches in okra. For internodal length, similar projections were also made by Jindal et al. (2009) , Rewale et al. (2003) and Singh et al. (2004) .
Earliness is one of the main objectives of okra breeding. It allows completion of pickings before the crop suffers damages from unfavorable climatic conditions. In addition, it also reduces the losses due to attack by insects and diseases. Days taken to 50% flowering are of importance in the sense that if flowering starts earlier, sufficient time will be available for flowering and fruit formation process. Thus early flowering is desirable in okra and genotypes with early flowering habit are also desirable. Days taken to 50% flowering are an effective trait for earliness and thus negative heterosis for this trait is desirable. Days to 50% flowering, first flowering node and first fruiting node are effective traits for earliness. Flowering and fruiting at lower nodes are helpful in increasing the number of fruits per plant as well as getting early yields. Therefore, negative heterosis is highly desirable for all these three attributes of earliness. In this experiment, it was found that the cross C 16 exhibiting highest negative heterosis over standard check for days to 50% flowering (-5.13%) and the cross C 4 displaying highest negative heterosis over standard check for first flowering and fruiting node (-16.55%) are, therefore, important to exploit heterosis for earliness in okra. Jaiprakashnarayan et al. (2008) , Mehta et al. (2007) and Weerasekara et al. (2007) also noticed heterosis in desirable direction for days to 50% flowering in okra. The positive estimates of heterobeltiosis and economic heterosis for earliness revealed the presence of genes for the development of earliness in okra. The estimates of heterosis over mid parent, better parent and standard check for both first flowering node and first fruiting node were of equal magnitude in all the crosses, indicating cent per cent fruit set in the early stages of flowering. Jindal et al. (2009) and Tippeswamy et al. (2005) also noticed desirable heterosis for first flowering node in okra. Mandal and Das (1991) noticed desirable heterosis for first flowering and fruiting nodes in okra.
In okra, the number of pods per plant and pod size and weight are important yield components. Total number of fruits per plant and fruit length, width and weight are considered to be associated directly with total yield per plant, for which positive heterosis is desirable. The cross C 35 displayed highest positively significant relative heterosis (19.22%) and standard heterosis (17.18%), while the cross C 11 exhibited highest positively significant heterobeltiosis (9.98%) for fruit length (Table 4) . The cross C 22 exhibited highest positively significant relative heterosis (10.91%) and heterobeltiosis (4.02%), while the cross C 25 exhibited highest positively significant standard heterosis (7.36%) for fruit width. For average fruit weight, highest positively significant relative heterosis (12.20%) and heterobeltiosis (9.69%) and standard heterosis (8.09%) were displayed by the cross C 35 . Similar results were also reported by Ahmed et al. (1999) and Jaiprakashnarayan et al. (2008) in okra. Jaiprakashnarayan et al. (2008) and Weerasekara et al. (2007) . Such high heterotic response would be useful for obtaining higher number of pods/ plant, which ultimately results in higher pod yield.
For number of marketable fruits per plant, the crosses C 23 , C 24 , C 36 , C 19 and C 41 displaying an average heterosis of 39.74, 25.20, 20.00, 16.50 and 15 .95%, respectively were the top five crosses, while the crosses C 23 , C 24 and C 36 and manifesting a heterobeltiosis of 38.93, 17.64 and 14.02% were the top three crosses for this trait (Table 4) . The cross C 23 displayed highest positively significant heterosis over mid parent (39.74%) and better parent (38.93%) for number of marketable fruits per plant. Maximum significantly negative heterosis over mid parent was displayed by cross C 41 (-13.93%) and over better parent by the cross C 28 (-16.74%) for FSB infestation on fruits. Maximum significantly negative heterosis over mid parent was displayed by cross C 13 (-11.86%) and over better parent by the cross C 7 (-16.94%) for FSB infestation on shoots. The cross C 14 not only displayed highest negatively significant heterosis over mid parent (-21.35% ) and better parent (-23.83%) for YVMV infestation on fruits, but also displayed highest negatively significant heterosis over mid parent (-26.10% ) and better parent (-29.09%) for YVMV infestation on plants.
One of the most important objectives of okra breeding is the production of high yielding varieties. The ultimate goal of any hybridization programme is the maximization of yield. It is obvious that high heterosis for yield is built up by the yield components. Hybrid vigour of even small magnitude for individual components may result in significant hybrid vigour for yield per se. Improvement of complex characters such as yield may be accomplished through the component approach of breeding. This method, in general, assumes strong associations of yield with a number of characters making up yield. This was confirmed by the present investigation where none showed hybrid vigor for yield alone. The high heterosis for fruit yield observed in these crosses could probably be due to combined heterosis of their component characters, as these hybrids were not only heterotic in respect of fruit yield but were also found superior to one or the other yield components. Thus, the observed high heterosis for total yield seems to be due to increase in the total number of fruits per plant rather than increase in the size and weight of fruits, which is a desirable requirement in okra improvement. The results obtained in the present investigation were encouraging, and tremendous increase in yield was obtained in most of the hybrids. Based on the overall performance of the hybrids and parental lines, some of the lines could be used as parents of hybrids of okra with high to moderate yield potential. The hybrids with high heterotic effects may offer better chances for identification of desirable pure lines in the following advanced generations as compared to hybrids with low heterosis.
The major components of marketable yield are not only the total number of pods per plant, pod size and weight but also the percent infestation of fruits and shoots by FSB and fruits and plants by YVMV. In the present investigation, in general, positively high heterosis for marketable yield per plant was associated with positively high heterosis for total number of fruits per plant, size (length and width) and weight of fruits and negatively high heterosis for FSB infestation on fruits and shoots and YVMV infestation on fruits and plants. Thus, the observed high heterosis for marketable yield seems to be due to decrease in the incidence of FSB on fruits and shoots and YVMV on fruits and shoots. Most of the hybrids showing positive heterosis for marketable yield also showed significantly negative heterosis for FSB on fruits and shoots and YVMV on fruits and plants.
Significantly positive heterosis has been observed mainly in terms of total yield per plant in crosses over their mid and better parents. (Table 4) . These results are in agreement with the findings of Jaiprakashnarayan et al. (2008) and Weerasekara et al. (2007) . None of the hybrids showed positively significant heterosis over standard check for this trait. However, crosses C 42 , C 31 , C 35 , C 25 and C 17 , displaying 9.32, -0.19, -2.23, -3.51 and -4.47% non-significant standard heterosis in any given direction are as promising as that of standard check (Table 5 ). It is apparent that the high heterosis for total fruit yield may probably be due to the dominant nature of genes. The significantly positive heterobeltiosis for total yield per plant could be apparently due to preponderance of fixable gene effects, which is also reported by Elangovan et al. (1981) and Singh et al. (1996) .
Significantly positive heterosis has been observed mainly in terms of marketable yield in crosses over their respective mid and better parents. Similar results were also found by Jindal et al. (2009) and Tippeswamy et al. (2005) . None of the hybrids showed positively significant heterosis over standard check for this trait. However, crosses C 42 , C 31 and C 31 displaying -6.69, -7.74 and -11.16% non-significant standard heterosis in negative direction is as promising as that of standard check for this trait.
In the present study, it is apparent that high heterosis for yield may probably be due to the dominant nature of genes. For yield attributes, some crosses were non-heterotic, which may be ascribed to cancellation of positive and negative effects exhibited by the parents involved in a cross combination and can also happen when the dominance is not unidirectional as also pointed out by Gardner and Eberhart (1966) and Mather and Jinks (1982) . Heterosis is thought to result from the combined action and interaction of allelic and non allelic factors and is usually closely and positively correlated with heterozygosity (Falconer and Mackay Trudy, 1986) .
The essence of the superiority of the F 1 hybrids over the better parent and the local check can be profitably exploited for commercial production.
Commercial superiority of the hybrid may be assessed by evaluating with a standard commercial check. Heterobeltiosis of more than 20% over better parent could offset the cost of hybrid seed. Thus, the crosses showing more than 20% of heterobeltiosis viz. may be exploited for hybrid okra production. In the present study, the moderate extent of relative heterosis and heterobeltiosis, as observed for yield and yield components, could be attributed to its often-cross pollinated nature. Rather than relative heterosis and heterobeltiosis, the standard (useful or economic) heterosis reflects the actual superiority of the newly developed F 1 hybrids over the best existing cultivar to be replaced and appears to be more relevant and practical. With this point of view, the F 1 hybrids generated in the present investigation were evaluated and selected on the basis of their standard heterosis. The check Mahyco Hybrid No.10 was chosen for the present study. The extent of heterosis over standard check for total yield per plant (9.32%) and marketable yield per plant (-6 .69%) appears to be sufficient for exploitation of heterosis commercially (Table 5) . F 1 hybrids C 42 , C 31 , C 35 , C 25 and C 17 with non-significant standard heterosis in any given direction for total yield per plant (9.32, -0.19, -2.23, -3.51 and -4.47%, respectively) and F 1 hybrids C 42 , C 31 and C 35 with non-significant standard heterosis in any given direction for marketable yield per plant (-6.69, -7.74 and -11.16%, respectively) , were statistically on par with the standard check in their mean performance and are found to be as promising as that of the standard check (Mahyco Hybrid No. 10) under comparison (Table 5 ). For both total yield and marketable yield per plant, the crosses C 42 (P 7 ×P 10 ), C 31 (P 5 xP 6 ) and C 35 (P 5 ×P 10 ) were found to be as promising as that of the standard check (Mahyco Hybrid No. 10).
Conclusions
The results indicated that the phenomenon of heterosis was of a general occurrence for almost all the characters, under study. However, the direction and magnitude of heterosis over three bases varied with characters. On an average, okra displayed heterosis for yield and its component traits studied.
Yield components should be considered to increase the yield through selections. In the present study, cross C 19 exhibiting high negative heterosis over standard check for days to 50% flowering (-4.35%) and the cross C 4 displaying high negative heterosis over standard check for first flowering and fruiting nodes (-15.22%) are, therefore, important to exploit heterosis for earliness in okra. For both total yield and marketable yield per plant, the crosses C 42 (P 7 ×P 10 ), C 31 (P 5 ×P 6 ) and C 36 (P 6 ×P 7 ) were found to be as promising as that of the standard check (Mahyco Hybrid No. 10). These two short listed hybrids may be tested for yield and other quality traits under different agro-climatic conditions for commercial exploitation of hybrid vigour.
